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IN THE vmrm) states patent and trademark office 



Serial No. 
Filed 
Applicaat 
Title 



09/415,781 
October 8, 1999 
Za£atr Iqbal, et al. 

Corrosion Resistant Coated Fuel Cdl Plate 

With Graphite Protective Barrier and Methods of Making Same 



TC/AU : 1745 

Exaoniner : T. Dove 

Docket No. : 19441-0019 

Customer No. : 29052 



DECLARATION UNDER 57 CF-lt g L131 



Coinmissioner for Patents 

P.O. Box 1450 

Alexandria, VA 223 13- J 450 

Sir: 

We> Zafar Iqbal, James V. Ouiheen, Dave Narasimhan^ and Timothy Rehg. hereby 
declare that: 

1 . We arc Joint inventors of the above-referenced patent appllcaxion. At the time of 
the invention, we were employed by AlMedSignal, Inc., vfbkh merged with and became known 
as Honeywell International, Inc. Subsequently, 0£ Power Systems acquired the business 
operations, including rights in this patent application, from Honeywell. 

2. We have reviewed U.S, Patent No. 6^91,094 to Yoshimura et al. ("Yoshimura'*), 
which wa$ cited in the Office Action mailed June 9, 2003, in connection with the patent 
application. We understand that Yoshimum has an effective prior art date of May 3, 1999. 

3 . The attached documents, from ^ch the dates have been removed, describe 
research and development work conducted prior to May X 1999, and demonstrate that we 

A09A3935.1 



PAGE 1 1/45 ' RCVD AT 2/12/2004 5:48:50 PM [Eastern Standard Time] ' SVRiUSPT^^ 



FROM SUTHERLAND ASBILL & BRENNAN LLP 



(THU) 2. 12' 04 17:49/ST. 1 7 :46/N0. 48621 6461-7 P 12 



09/415,781 
Filed: October 8, 1999 
DECLARATION UNDER 37 CFR 1J3 1 

conceived and reduced to practice the methods for corrosion passivadon and manufacture of 
bipolar plates for a fiiel cell defined by claims 1-25 prior to May 3, 1999. These documents qjz 
described below. 

4, Exhibit A is a copy of oiir original Invention Disclosure (ID) form wc filled out 
and submitted to AlliedSignaJ, Inc. Redacted fit)m the attached copy ate the date of the ID (^j 1); 
dates of conc^tion (T[ 8(a)); dates of reduction to practice CK 9(a)); and our U.S. social security 
identification numbers (^ 3). The redacted dates, however, are all prior to May 3, 1 999. 

5 , The ID shows a method of bonding a corrosion resistant overcoating comprising 
graphite (e.g^ Grafoil, an exfoliated graphite) to a metal fiiel (e.g., an aluminum plate) with an 
electrically conductive coating material (e.g., graphite particles suspended in an epoxy resin 
thinned by an organic solvent) therebetween, wherein the graphite provides high chemical 
inertness (i.e,^ corrosion resistance) and high electrical conductivity. The bonding process can 
include stamping (i^e., pressing) sheets of Grafoil onto fte aluminum plates using a mold with 
flow field patterns and gas inlets, and then annealing the coated plates at 230 Sec 5^ 6 and 7 
and Fig. 1. 

6, Exhibits B and C are copies of two proprietary Biweekly Reports (the BRs) 
describing the status of research and development efforts related to &el cell bipolar plate 
development prior to May 3» 1 999. To our knowledge, the BBjs were for dissemination only to 
employees of Honeywell involved in this R&D work in Morristown, New Jersey; Des Plaines, 
Uliiiois; and Torrance, California* The dates of each BR has been redacted ftom the attached 
copy; however, the dates aic prior to May 3, 1999. 

A0 983935J Page 2 of 4 
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FROM SUTHERLAND ASBILL & BRENNAN LLP 



Filed: Octobers, 1999 
DECLARATION UNX3KR37 CTR 1.131 

7. The BRs show that a co^ited bi-poJar plate* for a fuel cell was made by bonding 
GrafoU (overcoating) to an alnmmum plate with a graphite paint (coating) under load, followed 
by annealing (Exhibit B, § 1,24.6.4). The coating layer, i.e., the graphite pamt, was electrically 
conductive (Exhibit C, § 1.2.L6.4), and the coated plates demonstrated low through-plane 
electrically resistivity (Exhibit B, § 1.2.1 .6.4). The coating was understood to be able to seal the 
porosities in the overcoating layer (Exhibit C, § 1 i.l .6.4)* It was understood that the 
overcoating could be hydrophobic and anisotropic. 

8. The research and development described in the Sxbibit documents Avas conducted 
in the United States or was conducted in the United Kingdom (a WTO country) after Jatiuary 1, 
1996. 

9. I declare that all statements made herein of ray own knowledge and belief are true 
and that all statements made on infonnation and belief are believed to be tnie» and further that 
the statements arc made with the knowledge that willful false statements are punishable by fine 
or imprisonment, or both, under section lOOl of Title 18 of the United States Code, and that such 
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U,S.5.N. 09/415,781 
Filed: Octobers, 1999 
DECLARATION UNDER37 CFR 1.131 



willful false statements may jeopardize the validity of the application or any patent issuiug 
thereon* 

ZAFARIQBAL Date 



JAMES V. GUIHEEN Date 



DAVENARASIMUAK Date 



TIMOTHY REHG Date 
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m THE UNITED STATES PATENT AND TRADEMAKK OFFICB 



Serial No. 
Filed 
Applicant 
Title 



09/415,781 
Octol)er8»l999 
Zb&t Iqbal, et al. 

Comsioii Resistant Coated Fuel Cell Plate 

Wi4 Qiaphite Protective Banier and Methods of Making Same 



TC/AU : 1745 

Examiner t T. Dove 

Docket Wo. J 19441-0019 

Customer Ko. : 290S2 



DECLARATION UNDER 37 CJ.R. 8 1.131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sin 

We, Zafir Iqbal* James V. Guihecn, Dave Naiasimhaa, and Timoliiy Rehg, h^y 
declaro that: 

1. We aiejoint inventors oftbeabove'iB&ienced patent application. At the time of 
the invention, we were en^loyed by AlUedSignal, Inc., which merged with and became known 
as Honeywell hitemational. Inc. Subsequently, GE Power Systems acquired (he business 
operations, including ti^ls in this patent ^plication, from Honeywell. 

2. We have reviewed U.S. Patent No. 6,291 ,094 to Yoshimura et al. ("Yoshimura"), 
which was cited in the Office Action mailed June 9, 2003, in connection with die patent 
application. We vnderstand ibst Yoshimura has an effisctive prior art date of May 3, 1999. 

3. The attached documents, from wliich^ dates have been removed, describe 
research and development woik conducted prior to May 3, 1999. and demonstrate that we 

A0 98393S.1 
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' 09/415,761 
FlM; October 8. 1999 
DECLARATION UNI>ER 37 CFR 1J31 

conceived and reduced to practice the methods for conosion passivatiott and manufecture of 
bipolar plates for a fuel cell d^ed by claims 1 -25 prior to May 3, 1999. These docuiwcBts arc 
described below, 

4. Exhibit A is a copy of our original Invention Disclosure (ID) form we fiUed out 
and submitted to AUiedSignal, Inc. Redacted firom the attached copy are the date of the E) ffl I); 
dates of conception 8(a)); dates of reduction to practice 9(a)); and our social security 
identificatloti numbers ffl 3). The «d^d dates, however, are all prior to May 3, 1999. 

5. The ID shows a method of bonding a corrosion resistant overcoating coniprising 
graphite (e.g., Grtrfoil, an exfoliated graphite) to a tnctal fuel (e,&. an ahaninum plate) with an 
electrically conductive coating material (e.g., graphite particles suspended in an cpoxy resin 
thinned by an organic solvent) therebetween, wherein the graphite provides hi^ chenaical 
inertness (i.e., conosion resistance) and hi^ electrical conductivity. The bonding process can 
include stamping (i,e,, pressing) sheets of Orafoil onto the aluminum plates using a mold with 
flow field patterns and gas inlets, and then annealing the coated plates at 25 0 See ^ 6 and 7 
and Fig. 1, 

6. Exhibits B and C are copies of two proprietary Biweekly Reports (the BRs) 
describing the stactus of research and development efforts related to fuel cell b^olar plate 
development prior to May 3, 1999. To our knowledge, die BRs were fbr dissemination only to 
employees of Honeywell involved in this R&D work in Moxiistown* Hew Jersey; Des Plaines. 
Illinois: and Torrance, California. The dales of each BR has been redacted from the attached 
copy; however, Ae dates are prior to May 3, 1999. 

A0 9S3935.1 Page 2 Of 4 
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' U.SAN. 09/415.781 
Filed: October 8, 1999 
DECLARATION UNDER 37 CFR 1.131 

7. The BRs show that a coated hi>polar plate for a fuel cell Vfas made by bonding 
GrafoU (overcoating) to an Blumimmi plate with a graphite paint (coating) under load, followed 
by annealing (Exhibit B, § 1 .2. 1 .6.4). The coating layer. It,, die graphite paint, was electrically 
conductive ^Exhibit C, § 1.2.1.6^), and ihs coated plates demonstrated low ihiough-plane 
electrically resistivity (Exhibit B, § 1 .2.1 .6.4). The coating was undnstood to be able to seal the 
porosities in the overcoatmg layer (Exhibit C, § 1 ,2.1.6.4). It was understood that the 
overcoating could be hydn^hobic and aaiBotropic. 

8. The lesearcb and development described in the Exhibit documents was conducted 
in &e United States or was conducted in die United Kingdom (a WTO country) after January 1 > 
1996. 

9^ I declare that all statements made herein of my own knowledge and belief are tiue 
and that all statements made on information and belief are believed to be true, and further HaX 
the statements are made with the knowledge that willful fiJse statements are puni^able by fine 
or inprisontaent, or both, under section lOOl of Tide 1 8 of die United States Code, and that such 
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' 09/41 5»781 

Filed: Oct6ber^l999 
DECLAILATION UNDER 37 CFR l.lil 

willful felw Statements may jeopardize the validity of Hie ^plication or wy pateol issumg 



ZAFARIQBAL 




JAMES V. 



DAVENARASIMHAN 



TIMOTHY REHC 



Date 




r/ 




Dale 




Date 


Date 



AO 
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IN THE UNITED STATES PATENT AN&TRADEMARK OFFICE 



Serial No. 
Filed 
Applicant 
Title 



October 8; 1999 
Zafarlqbal,etal. 

Corrosiojr Resistant Coated Fuel Cell Plate 

WiA Graphite Protective Bamer eo^ Methods of Making Same 



TOAU : 1745 

Examiner : T. Dove 

Docket No; ; 19i44}^19 

Costom^ No; t 29G52 



C<»Kffltfsiji<Mtef for FatStlifs 
P.O. Bciif r450 
AloimMA^YA 22313-M50 

Sir: 



We, Z^ I^H^ JsaiiSi V. Quibeeit Lms NafiBuHhaji. mi Tiittoffljt Re% ti^my 
d^Osstetltat: 

1- Wtf»*r«j<<iMitiVeritt)rs<)fffitfal>(»^ Aftttefiffiddf 
the in^Btttfdri. vfrg Njvere ismmed h^ Am^igti^ Trttf.. M*ieh a»d uectti^ toRWtt 

as Hdrt«^«vgitirtfei«(aa<jaaj,to^^^ Subse<itteady. GEFd«t*rsys!eiHs&s4i2igdt^^ 
opeastidfis. ittclwffibigrighiC} in ffiisf pfifairs^lieiatcffi, flsffr II<fli^cS!r. 

2. We have t^ewedU.S. PaitaifrNd. 6^9T.094 m YoSMinura CYoslmfiiiia"); 

was dcsd m the Office ActTdii jmmjmi69. 2xm,.iSisaisii^0n ^Ui tufe p^tetK 

appiicarofi. WeOnd^tS&rathfifYdsliiffitimfite-^'^tfdflve^^^^ ,999 
rs«a«ihanddev«5t<iitodiifvfrefkctfn^^^ 

A0 9tt935.1 
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FROM SUTHERLAND ASB ILL & BRENNAN LLP (THU) 2. 12" 04 17;51/ST. 17:46/N0. 4862164617 P 20 

Ftroar octobtrs, 

DEGLARATK»f UNE«R >7 GFR 1. 13 1 

coneeivedaadredaced to practice the m0Uiod&^ coHOsi^passwatiottaiidraam^ctHK! oT 
bipoJar pl^ lor a 6el eeU defined fey eimasr UlS piwr t»M^ 3\ 1999. These dbci^etrts are 
described below. 

4. Exhibit A is a eopv of origmalfcventibaDisclbsiMe (ID) form we Mcd^ 
aBdsta>mitted to AlliediSigBal, fac. Redaisted £bm tbe attaehedc^ are tbe date of'the ID (if I); 
dates ©feoneeptioadf 8(a)>; dates of red«eti«Mo-pract»ee ^(a>); md ow U.S: sogM secui^ 
ideatifeatioa minAeF&(t 3>. The tedacteddktes, however, aie^atf prior taMay 3, 1999. 

5. The ID shows a method of IxM^iag a eonosiea les^tCTt ovei^oa^g comf^rag 
graphit&(e.g.. Ci^oiimeis^aimeder&pk^^ aftal<a»ikaHi.pfee>with ai^ 
eteGtricalfy GonduotiVe coating material (e:g.. graphite paftiolw suspeDdiKl ki an- epojiy rosin 
thiMifidby a&OFgame solvent) therebetweea, wbereia Ae grap&te^piwddes high chewacal- 
ineiteess(i.o.,eoii=0siofiTOi5tadce>andhig&^b6lii«ai:coa^^ The feoadfeg piocesscMi 
indude stating (i.e.. pressing) sheeteof<3fafoiloat& the ahmitaim plates iising amott with 
flow fIcldE patterns aad gas-inletSi and^eaanBsalimg th&eoi^pla^al 250 See 6 and? 
and Fig. 1. 

6: EJ^ibiteR and C»e copies ^tvwpf01»aetaiyBiwBeldy Reports (the Bfe^^ 
deseribing the stelus of researeb and development cfBM&i«latedto^ftiel ceftbipotof plate 
development prior to May 3; 1999. To our kmn^e<ige, ^ BR» were for dissemin^ion only to 
employees of Honeyvyett involved in tWaR&D wk inMoiristown; New Jersey; Des Plainesv 
Illinois; and Torrance. California. The dates- of eael^ BR ha^ been redacted &om the atlaehed 
csopy: however, the dates are prior to May 3, 1999, 
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tj:s.s.N; <s0Mis,iiSi 

K»©(Jt Oet«>bers, I999 
I»CLARATK)N Vt^XER 37 CFR 1.131 

^o»I (overGO«iag>toan.8tam^ paint (coating). onder load, foflowed 

by i»m^aihg (Ej^t B. § %.l 1.6;4>: The coatiBg %er, U;. the grapbite paint. >*as elertricaUjF 
wmductive (Exhibits. § 1.2.1.6:4). and- tiie coated plates demensto^ few 
- *'**^^y'*^^%<E>A,MB,&1.2.k&:4>. 

poftiisities iatbeovereoatmg layer (Exhifeit C. §' U.1.6:4); ftwi^aadbstood^ ae 
overeoati^ c<»ri<i be hy&opioko and a»»soto^. 

8. The leseaiei anddevelbprneat disenWdm Ae E)^t docimients v^GoaAasteti 
mtheUmted Stat«s or was-condueted m flie Uiiited:Kfeido»(a WT6 countey>ailer Januaty 1, 
1996: 

9. JdiselareftfttallitotemeBtsflaad^h^n^myevswla^ 
the statemeate aie made with Ae Imowledge ftat wiB^ 

orifiq^iaoameat, or both, «8der section K»l of TW^ l*of the United: States- Code, aod ^hat such 
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FlTedr Oetaber 8, 

MCLARATKH4 U1««R 37 CFlt J. 13 1 

wiU&l 6fec stai^iaeste may jeopard ^ vali^fy «f the appfie^oa er ai^ palest issiaag 



ZAFARIQBAL 




JAMES V.GUIHEEN 5^ 






DAVENARASIMHAN jjate 



T1M€)TEIYREH<J DrtT 
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m THE UNITED STATES PATENT A3SD TRADEMARK OFFICE 



Serial No, : . 09/415,781 

Filed Octobers, 19W 

Applicant : Zalkr Iqbal Gt al. 

Title : Corrosion Resistant Coated Fuel Cell Plate 

With Graphite Protective Bairlex tmd M^ods of Making Same 

TC/AU : 1745 

Examiner : T. Dove 

DoeketKo. : 19441-0019 

Customer No. ; 29052 



DECLARATTQN UNDER 37 CFJL g 1-131 

ComtnijBfiioner for Patetits 

P.O.Box 1450 

Alexandria, VA 22313-1450 

Sir; 

We, Zafar Iqbal, Jam w V. Guiheen, Dave Namimbau, and Tiroothy Rehg, heioeby 
declare that: 

1 . We are joint inventors of the above-jeferenced patent application. At the time of 
the invention, we were employed by AlliedSignal, Inc., which merged with and became known 
as Honeywell bitemational^ Ino. Subsequently, GE Power Systema acquired the busings 
operations, incjuditig rights in this patent applicaction, from Honeywell. 

2. We have reviewed U.S. Patent No. 6^1,094 to Yoahimura et al. C*Yoshimiira'0, 
which was cited in the Office Action mailed Juno 9. 2003, in connection with the patent 
application. We understand that Yoshimura has an efifective prior art date of May 3, 1999. 

3. The attached documents, firom which Ae dates have been removed, dcsc^e 
jresearch and development work conducted prior to May 3, 1 999^ and demonstrate that we 
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US.S.R 09/415,781 
Filed: Octobers, 1999 
DECLARATION U>4DER 37 CFR 1.131 



conceived and reduced to practice the methods fbr corrosion passivation and manufacture of 
bipolar plates for a fiicl cell defined by claims 1-25 prior to May 3, 1999. The$c documents are 
described below. 

• 4. Exhibit A is a copy of our original Invention Disclosure (ID) forni wc filled out 
and submitted to AlliedSign&l, Inc. Redacted from the attached copy arc the date of the ID 1); 
dates of copnception 8(a)); dates of reduction to practice 9(a)); and our U^. social security 
ideotification numbers (K 3). The redacted dale$, however^ arc all prior to May 3, 1 999. 

5, The ID shows a method of bonding a corrosion resistant overcoating comprising 
graphite (e.g., Grafoil, an exfoliated graphite) to a metal fuel (eg., an aluminum plate) with an 
clectricaUy conductive coating material (e.g., graphite particles suspended in an epoxy resin 
thinned by an organic solvent) therebetween, wherein the graphite provides high chemical 
inertness (i.e., corrosion resistance) and bi^ electrical conductivity. The bonding process can 
include stamping (i.e., pressing) sheets cf Grafoil onto tfie alimiinum plates using a mold with 
flow field patterns and gas inlets, and then annealing the coated plates a1 250 **C- See mi 6 and 7 
and Fig. 1. 

6. Exhibits B and C are copies of two proprietary Biweekly Reports (the BRs) 
describing the status of research and development eflSbrts related to fuel cell bipolar plate 
development prior to May 3, 1999. To our knowledge, the BRs were for dissemination only to 
employees of Honeywell havolved in this R&D work in Monistown. New Jeisey: Dcs Plaines. 
niinois; and Torrance, CaJifbmia. The dates of each BR has becnrcdacted from the attadied 
copy; however, the dates arc prior to May 3> 1999. 
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U^.SJ^. 0$/415,7?l 
Filed: October 8, 1999 
DECLARATION UJOTER 37 CFR M31 



7. The BRs show that a coated bi-polar plate fbr a fliel cell was made by bonding 
Grafbil (overcoatiDg) to an aluminum plate with a graphite paint (coating) under load» followed 
by aimealiixg (Exhibit B, § 1 .2.1 .6.4). The coating layer, i.e., the graphite paint, was electrically 
conductive (Exhibit C, § 1 ,2,1,6.4), and the coated ptates demonstrated low throu^-plan^ 
electrically resistivity (Exhibit B, § 1 .2.L6.4). The coaling was understood to be able to seal the 
porosities in the overcoating layer (Exhibit C, § 1.2.1 *6.4)* It was understood that the 
overcoating could be hydrophobic and anisotropic. 

8. The research and development described in the Exhibit docntDeccts was conducted 
in the United States ox was conducted in the United KlJigdom (a WTO country) aAei January 1 , 
1996. 

9. I declare that all statements made herein of my own knowledge and belief are true 
and that all statements made on inJbimadon and belief are believed to be true, and flirther that 
the etatemeots aiB made with the knowledge that willful false statements are punishable by fine 
or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such 
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(THU) Z12'04 1 7: 52/ST. 17 :46/N0. 4862164517 P 26 



U-S.S>J. 09/41 5 J8 5 
Filfid: October 8, 1999 
DECLARATION UNDER 37 CFR 1.131 



willful false statements may jeopardize the vaKdity of the apphcatitwi or any patent issuing 
thereon. 



ZAFARIQBAL 



Pate 



JAMES V, GUIHEEN 



Date 



DAVE MARASIMH AN 



Date 




OTHYREHG 




Date 
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EXHIBIT A 

Invention Dlsdosnre 

I J>. No. [to be supplied by Patent Dept.) 
Date ; MIHHHII 

2. TMeoflnvCTtton! 

As AHuiuBiiiD-Based PEM Fnd Cdl B^olar Plitfa 

3. Ipvemorfrt: 

8) NfiffiE Zrfarlqbal £llfiBfi^ESSaC973)455 3899 

^ddress i 18 Erskfnc Dr s.Siifa Hi^MHR 

Monrlstowii NJ 07960 
County; Morris SiipervlMtr; Mike Shand 

CltlzMtBhip : USA 
1>) £iaiB$: JlmV.Guihcea £l!flB£^:( 973)4953935 

Addrc» ; 13 Rosemont Ave SJ&S ■■■Mi 

Madison NJ 07940 
Conmy: Morris Superviaoi- SantAsh Das 

CitfeeB«lilntTJSA 
e) £^iB£i DaveNarasltiliani PboBe^axt r9 73)4» si 71 

Addrw t 6$tiinMftTra{l 

netnfastOB NJ 08822 S.8i^ VHB^ 

CWRtY' RuQurdon Snpcnrbott Sanmsii ]>w 

atbiCnihiD t MSA 

d) lSsS3i& Tim Rehg Pfcaae/FftK m m 512 2381 

Address ; 26756 Bnsswood Ave . 

RucboPaloBVerdesCA 90275 SA# I^B^^ 

CoBBijf: Los Aoseles Snpervison Njnyca Mioh 
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■ SBTJ; Aciofipace Equipninxt Systems 



Bpelly dttcribe the technical or mbmh nrahW or Uteri fh^ 
ipveBtlpii |g btaidfid to «oivK fiipoUr plates ifaBtaieconosioD-resistsnt and 
lurvc sufBcient electrical conductivity to provide hi|^ perfbmunse in aprotcu 
exchange membzane (PEM) fuel cell are composed of gnqjhitfi, Gnphite platfi 
are heavy, bulky sod expensive to mann&eture. Noble metals like plathmm are 
highly conosion-resistant and mana&ctunble as li|Jit*wBi^ tinn plates, but law 
material costs for these plates would be pmhibitive Jbr transpoitadon and 
stationaiy commercial applications. Non-noble, Ugbtweigbt metals like aluminum 
and ntaniuni can be used as bipolar plates if the suxftcca aie protected against 
coffosion by an electrically conductive, oxidation-xesistant batiier coating or 
cladding. This invention describes compositions and methods of providing such a 
coating or cladding on a metal like aluminum snd titanium. 

Brienv describe httw thh fifveatfon solvt, t h e nrohlem or flieets the n^gd; 

Coating and cladding protective layeis on aluminum have bem developed which 
are stable under fuel cell operating conditions. The coating is a gnded 
<|omposidon of titanium nitride alloyed with alnfn^t^,tw, nitride deposited on A 
titanium sub-layer on aluminum by magnetron sputieritlg. The optimum average 
composition is TiojAl ojN. ITie addition of Al lo T! reduoes the densiiy of d- 
electron states and therefore the oxidation nablKty of the coating. The electrical 
conductivi^ is also reduced relative to TIN by the addfifon of Al, but reaaains 
voy high at the above composition. Topical mrisdvitiea are below 1 mohm.cm. 
Key elements of this invention am: (a) the use of a nearwzeio bias magnetron 
spunoing process for deposition in order to obtam coatiogs widi only fin^cale 
porosity, (b) the use of a chemical anodlxation procedure involving dipping in 
siil&nc or dttomic acid for a short thne followed by boiling in water for 30 
mmuteto 1 hr lo infiUraicthc fine scale poioslty with internal layem ofahimina 
ihrough ihe thickness of the coating, and (c) deposii a aob-layer of "K on the Al 
substrate to provide a more noble sui&ce on which lo coat wjfli TiAIN, 

^IS!!?!?^^ cladding layer material einployed is a commeitudly available 
exfoliated gi^hite materiel known as Oiaibil (sold by Union Carbide). The key 
cicraott of this invention is the process of bonding grafbH on alumimim usins a 
graphite paim (gmphite particles in an qwxy lesin thmned by an wgamn wNeat, 
such ^ toluene) followed by annealing in i^gen at a lov^ tempentmc Uc 
high Chemical inertness of graphite coupled with its Ugh clcctHcal conductiviiy 



PAGE 28/45 ' RCVD AT 2112/2004 S:48:S0 PM [Eastern Standard Time] * SVR:USPTO{Fm 



FROM SUTHERLAND ASBILL & BRENNAN LLP (THU) 2. 12' 04 17:52/ST. 17:46/NO. 4862164617 P 29 



provides die key properties requiied for t proton exdunge zDcmbian« fijd cdl 
bipolv plate. 

Poteptiodynamic conodon tearing on TIAIN/Ti coated and graibil dadded pistes 
di^l^red in Fig. I shows corrosioD cmrenia caiiospondiAg to extremely low 
eoTTOsioniBtes of 0.1 and Imii^reariispeeiivelyai a potential of 900mV voma 
stsodaid calomel electpode. Long term potendosiatic data lor a TiAIN/TI coated 
plate in Fig. 2 indicaies that 8 low Goiresion cmrein is maintained over ate^ 
period often days. Fig. 3 shows polarization voltage vera™ oment density ourvea 
fora fuel cell withTiAlNqi coa t ed a toni nron bipolar platea tested withotit any 
significant drop in porfbimenee for over 750 his. of coatinuous testing. 

7. Describe hoyr to make ani j me the Inventlftii- 

HAlNm coated aluminum plates will be made by Bat iabricatinfi the metal 
plates wJib machined or stamped flow field patterns and ^ inlets. The plates will 
ihen be degreascd. dried and finallytediiciively plasaweidied in the reactor 
before deposition on both sides by ah hnbiaaed magnedon qnmering pzoceas. The 
as-received coated plates will then be dipped eidier in cone, sulfuric acid or 
<*romic acid, washed and ihen boiled in water for 30 minutes prior to use in a fitd 
cell stack. 

Giafoil dadded aluminum plates will be made by applying graphite paint to 
cleaned aluminum plates with machined gas inlet holes. Giaiba sheets of the same 
sh^c and basal dimensions of die ahiminum plants will be positioned on the 
aluminum plates and stamped by a mold with the tetfimti flow field panon and 
gas inlets - the latter matching those on the plates. The bonding pmcess of grafbil 
win be repeated fbr die opposite of each platt The plates twil then be stadced up 
ID a fiwnanec and amtcaled in 1 094 liydrogea at 250 C fer I hr. After cooOaa in 
hydrogen, the plates will be ready fbr use in a fiiel cell m rk 

8(a) To the best of your irecoUeetloB Whnt is the ear Hcst date on wh^y ft 
conceived thfi Inventinii? ^-^ 

— ^^^ ^ initia ting work on magnetron spuiietmg of TlAIN/Ti on 
aluminmn. and : on giafoil dadded alttmlnum. 

0>) Are tfaere anv doeumpni* .ff ,fcnrtii whtr^^ ^ ^ntM thi« d«toT Tf 
Please identlfVi — 

PEM team weekly report on above dates and notebook A2S4& 

(f> Are ihyrp co-wprkers or otfam who eae «>rr y,bo»it.> thi. a^raf rr 
Please Identihr; — L^taa 

Members of PEM fiicl ccU team in Tomnce and in Momstown - Tun Rehe 
(Tomwcc) and MoShu Yang (Mbtristovm) 
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W T P the fryyt of YPBr rgcollerflon. what fa ft« >i. r h«,t rfat^ .> 

IMB and^^^M faT^AlN/TigiiAJaadfirafollonalumiiiuni 
respectively. 

(l>) Arc there anv dooummtt n, r>^rtb that rnnfit- n i thh ^,t..? p .y , p.^^ 
PEM fiifi] eeU &x,up biweekly repents 00 above dates and notebocdc A2846. 

TunRdig 

'®<"J Pfd thfe faYf ->%P »ri»t ill a prrwrnm that fa ft,«d«^ fa, ^pfe „ 

RoverPment, nnoth^r comnanv. or anv ^athv « th«r <t>^>, ^M ft^ dStaM-iy 

YES X _JN O 

Please t<|f,tttHy fte prppmn. and the entity th. 

Covcnimeat contract nnmh^ r (tf anaHcatite) 

AyiftfglgPUl ami a rhlrd itarlv ■ ^atrMv a**^*^ -^^ Be««^ 



YES . X NO 



If Please IdentHv the ft.rp.>.. w.nt and thi. nt^^ ^ p^y^. 



VOB '"'Vg ' ritttv to dhri.>«p t« UA T — rm-r- Office all 
Brfcny <qi||cate hffw thh fnventloH la ,^t^^ ^itt from th^pHor a4 
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US Patent 5^4^769 (Apiil 29, 1 997) assigned to General Motors Coipofaiiaii 
filed on Dec 22, 1995 describes the use ofUN coatiqgs with an inteatmediate 
banier of stainless steel rich in chtcnniuiQ, mdcel aiid tnolybdeniini on Ti or Al 
fbr aconosioziresistaixi PEM fiiel cdt 
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"(») H»s the prgjyct or pmcsi Whtrh te th^ >.ht«t ^ t hte Inventlm. 1>^. 



yjBS X NO 



No. 



-VES x NO 



No. 

^< a t N O 



PAIX32ltS'IICVDAT2lim5:tt:KIPM|Eisltiii Standard TlKl'mUSPTO'EFXIiF-n'Dnm'^ 



FROM SUTHERLAND ASBILL & BRENNAN LLP 



(THU) 2. 12' 04 17:53/ST. 17:46/N0. 4862164617 P 33 



Send to I 

AUledSlsnal Law Department 
Pfltait Group 
(Relevant Aftdress] 
fPhtine A Fax] 



Sigii«tlii 



.(name) 
.(FAX) 
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^^IliedSignal 

Invention t)lsclosiirft 



'U14j l.l^ JiilM^ n ii j , .11^ 



>, i iim^' ..t^ >t..»J ...»«>l , .^J y.^, ^ ^ 




Fig, 1 : PotcnUodynaniic 
Tafd plot of TiAlN/Ti on Al (upper left) and grafbfl dadded Al (upper rigta) using 
njcTuury/mercury sulfate nFmjms electrode. 900 mV vs SCE coimponds to 525 mV in 
this measwemcot. 
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potenriostalic conoidon test for magnetron sputtered end chanicBSfyt^^Aiwn 
decline in corrosion currttll and a stable value after the fiirt few day^. 



TIAIN Plucv; MCAtf 9753-01M3 
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PEM Fuel Cell Bipolar Plate Developmeiit-BSweeUy riiport 

TasK 1 1 Coated Meial Bipolar Plates 

1 ,2.1*6.3 - Dctcnnino viability of ahtminixm as base metal 



• We have pezfomed pfitentiostatic tesdz^ a( 900 mV versus 
SCB on a magnetron sputtered tlAIN/Tl coated aluixunum plaie tfiat was treated by 
disE^g for 1 min. in chrotnic add (P^pared by dissolving 9ft by weight of sodium 
dicbi^tnate in cone sulfuiic add). The conroslon cunent decieased to below lOr^ 
amps/cm^ after the fhst few days and thett 

of testing spikes were observed followed by incteased contulon cntientt indicaang 
that tbe coating had been suddenly bteacbed. Stmnar but larger spikes had been 
previously observed for a plate tresued with nitric add. Because of this result wc 
employed only sulfuric add treatment for tbe coated aluminum plates used for the 
long-Ci^rTn fUel cell test. It was i>olntcd out by Dove Naraaimhscn that according to 
soiEic rosults in the literature, chendoal troatmem should be followed by boiling in 
v^ater for 30 min to 1 hr to stabilize the anodizalioa layers ionnad in the fine scale 
po^sity* It is expected that stabilization would also occur dutins fuel cell operation at 
as Cr but it would be safer to boil the plates In water after ifao ddd treatment to 
prevent early breaches in the coatings We have prepared ssorrples of Ti AIN/Ti coated 
aluminum that were treated in bc^ sulflmc and chromic add for I mitmte and then 
boDed in water for 30 min after washing. These plates wIU be potentiostadcally tested 
for corrosion. 

• Long-term fuel cell testing under low ^Ichlometty conditions using magnetron 
sputtered TtAlN/Ti coated aluminum plates have now been under contimuni& 
operation for 28 days or 672 hrs without loss in perfonn«moe. Sdected data m shown 
in Fig. 1. Water at 6 has been collected at various times and is being tested for Al 
and Ti content. We wUl initiate a performance oompanson test with a similar double 
seipcntino flow fidd graphite bipolar plate under low stxuduomecry ooodltions after 
completing 1000 hrs of testing* 

1^.1.6.4 - Evaluate alternative approaches 

• Chemxcal anodiKation of a magnetron guttered TiAIM/fi coated 316 stainless steel 
plate was performed by dipping in chromic add Cpzepared by dissolving 9% by 
weight of sotfium dichromate in cone, sulihtio add) 1 minute followed by washing 
and then boiling in water for 30 min* No change in electrical condoctivily of the plate 
was observed. Potentiodynamic conosion testing vnO be pcrfonned and the result will 
be compared with that for the as^received coaled platen 
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Fig. 1: Polarization data from single odl fosi qqU to&t uiilng TiAlN/H oosOed aluminvm 
bipolar places 

• Bipolar plate cQupom were fjibricatcd usdng a modified grafj^alumiQUm ajiproacit for 
potentiodynamic and potentiostatk cocrosioil testing. Orafbil was bonded to atumlnitm 
with graphite paint under a small load and the composite wa& then annealod for 1 hr in 

>^ 10% hydrogen/aison at 250 C A good bond to alutnimun was obtainod widi 2^mt 

" through-plane re$istiviiy equivalent to pure ahizninum. Well-booded gnpfaite^^ted 
aluminum plates with icsistivity lower than that of gi^hite have been obtamod by Jeff 
Yang from a vendor^ These samples have been chemically anodlzed id chromic acid 
iuid boiled in water after wafihing. Both untreated and anodlzed saaq>lc5 will be 
corrosion tested* 

2-4 w«ek forward plans; 

• Compfctfi 1000 hr fuel c©U test using TiAlN/n coated aluminum platea, chemical 
analyses of effluents^ and aurface and xesistivily tesdag of the plates 

• Initiate gr^hite cell ttst under similar conditions 

• initiate co(no«on testing of grafoil, graphite-painted aluminum and TiAlN/Ti on steel 
approaches 

4 Mriate coating offull size Al plates for sub^ak Stack testin 
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PEM Fad Cell Blpakr Pkte Devfdopmeiit- Biweekly rq>ort 
Task Co^cd Metal Bipolar Plates 

1 ^.1.6»3 tyctcnnuiv viability of aluminuni as base thecal 

• PotenUost&txt mB^urcments at 900 mV versns 5CE we» perfcacrmod using a mercury 
sulfate fefevexicd electroile at pH 5 for 10 days for aa-rowivcd imd cheuiicaUy 
anodized <2 min. CQncentrated sulfuric <icid) plates of 'n-Al-N/Ti coated aluminum 
prepared by unbiased Tnagnetron spuQaing. Hie potfintiostattc data for the as- 
rcccivcd scunpfe (Fig. 1) show a number of spikes (probably caused by localized 
pitting), but on an average the conrosion <»inent temdins low. However^ in the second 
v^eek the $pikes become numerous and the corrosion cuntnt shews a substantial 
mcrease. Pitting marfcs are evident on the surface of the sample. The data for the 
chemically anodized saoiplB (Pig. 2) shows an inuoediate drop due to pa&^ivatiQn and 
a stable period of around 4 days followed by a slow incr^se in oonosion ctinent. h) 
the second week die corrosion current remains stable at an extremely low value after 
an inidxil decrease. Chemical analyses of the solutions, S£M Bzamlnatlon and 
quantitative measurements of the electrical conductivity of tfao samples axe in 
progress. 

• We atv also pursuing a seeond chamioal anodlsation igote inyolving dichromate 
treatment. We have p^ormed 1-1 mln. eh«uni«d wiodization of Tl-Al-N/Ti on Al 
using a sohition of sodium dichit>mate in nitric acid* We observed no change in the 
high electrical conductivity of the Ti-Al-IVn eosti]>g. Aecotding to the patent 
literature this process has provided a hieh degree of eonosion prtytcction for both 
aluminum and magnesium, Potentiostfttic corrosion testing on this sample has been 
iaitiated. The results wiU be compaied wifii the data discussed above for cone, 
sulfuric acid treated samplea. 

• The $ccond single cell stand to be used for testing the coated metal bipolar plates has 
been put through various calibration runs sucoessfiilfy. Ti-Al--NyTl coating of the flow 
ficJd plates arc in progress at JVluIHAic. 

1.2. L6.4 - Evaluate alternative approaches 

• We have thinned a commercial gmphitc paint (obi^ned from AchesoD Products) with 
tduc^nc; by sonication and used it to paint-ooai atutninuxh and titanium bipolar flow 
field plates. The coating obtained is opdcally dense and very conductive. Quantitative 
me:ii£uremcnts of the conductivity and corrosion before and afier dicmical 
anodization are in process. 

• We also propose to use the modified gr«^»brfe paint to s^ the porosity in grafoil and 
use this grafoil to laminate aluminum or titanium plates to form grafoil/metal/graFoi) 
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thin composite bipolar plates. Another possible u^e of the gnqphhc paiut would be as & 
surface coating to enhance the ^rface conductivi^ of our condiictive plastic bipolar 
plates. 

2-4 week f orwara plans: 

• Complete pOBt-corroaion test Ohemical, ocmdttodvlty and microscopie analyses of Ti- 
Al-N/Ti co»ed aluminum 

• Initiaic fuel cell testing of ll-^Al-N/Ti coated aluminum plates 

• Complece corrosion testing of dicluomaie treated Ti-A]-N/n on aluminum 

« Complete potentiodynamic corrosion testbg of graphite painted aluminum and Ti-Al^ 
N/Ti on 3 1 6 stainless steel 

• Seal grafbil witb graphite painl and peifann psmiBatioa tests 
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